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Chapter two focuses on understanding the role of optimism and cynical hostility in use 
of screening mammograms and lipid screenings and in particular how these attitudes 
mediate or moderate the established relationships with race/ethnicity, and socioeconomic status. 
Optimism predicts screening mammograms for some, but not all, racial/ethnic groups even when
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ABSTRACT 
Understanding the role of psychological attitudes in health behaviors and health care utilization 
has important implications for improving health and reducing health care costs. This is 
particularly important among the elderly, who require more and costlier health services. This 
dissertation explores the relationship between optimism (positive future expectation) and cynical 
hostility (mistrust of others) on smoking cessation, physical activity, and preventive service use 
in post-menopausal women. The public health relevance of this dissertation rests in identifying 
individuals at higher risk of developing illness burden due to health behaviors such as smoking 
and physical activity and potential under-use of preventive health services. 
Chapter one assesses the relationship between optimism and cynical hostility on 
smoking cessation. Women with higher cynical hostility were less likely to quit smoking over 
time. Smoking cessation programs may consider incorporating attitudes measures to better 
target smokers who are less likely to quit on their own. 
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adjusting for various demographic, social, and health factors. Incorporating psychological factors 
such as optimism scores into health risk modeling may prove useful especially among specific 
racial and ethnic minority groups. 
Chapter three investigates the link between optimism and cynical hostility on 
strenuous physical activity. Women with higher optimism report higher levels of 
strenuous physical activity across the lifespan. Modeling reveals that much of this relationship 
is explained by other variables such as demographics and health status. Higher cynical hostility 
is associated with increased post-menopausal strenuous physical activity only in fully corrected 
models. This attitude may therefore play a particularly important role in activity levels depending 
on the presence or absence of barriers to physical activity.  
Understanding how attitudes influence these behaviors may pave the way for 
physicians and health systems to employ novel approaches to improve health-related quality 
of life and ultimately reduce costs by reducing disease burden.  
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1.0  ARE PESSIMISM AND CYNICAL HOSTILITY ASSOCIATED WITH 
SMOKING CESSATION IN OLDER WOMEN? 
 INTRODUCTION 1.1
The smoking-attributable mortality of older adults is almost 20% higher than was 
previously thought.1 In the United States, 8% of women over the age of 65 are smokers.2 
Smoking leads to poor health outcomes across the lifespan and has particularly 
strong associations with the development of CVD.3 In old age, smoking is also associated with 
shorter life expectancy,4 lower levels of physical functioning,5 increased risk of stroke,6 and 
increased odds of hospitalization and death.7 While two-thirds of smokers report intentions to 
quit in the next 6 months8, achieving long-term cessation is typically fraught with multiple 
relapses9 to smoking, and fewer than 5% of those attempting to quit are still abstinent after 
one year.10,11 Those who do succeed in quitting smoking often exhibit higher intention to quit 
smoking and planning for the quit attempt,12 consume fewer cigarettes per day before 
quitting, and tend to more often be male and employed. 13 Elderly smokers see large health 
improvements within 1-2 years of smoking cessation, which include increased physical 
functioning and quality of life and reduced risk of cardiac death, coronary events, and other 
morbidities.14   Sicker   patients   are  more   likely  to  receive  smoking  cessation  advice  from 
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physicians,15 while elderly women normally present with major cardiovascular disease much 
later than men, making smoking cessation a key issue for older women.  
The psychological attitudes optimism (positive future expectation16), pessimism (negative 
future expectation), and cynical hostility (mistrust of most people17) are associated with 
important health outcomes and behaviors, including smoking. 18-47 These attitudes independently 
predict incident coronary heart disease (CHD), cancer-related mortality, and CHD-related as well 
as all-cause mortality in the Women’s Health Initiative (WHI).48 This excess risk is only partially 
explained by baseline smoking prevalence, which is higher among women with higher 
pessimism and hostility.48 Optimism, pessimism, and cynical attitudes influence health and 
health behaviors independently of depression49 and other mental illnesses, and are themselves 
risk factors for poor mental health later in life. 20,35,50-54  These psychological attitudes tend to 
stabilize by young adulthood and are considered stable traits based on their high test-retest 
correlations (0.58-0.79 over 3 years,55 and up to 0.71 over 10 years for optimism/pessimism).19  
Even for youths and young adults, hostility scores over 4 years were correlated rates of 0.56.56 
 Optimism, pessimism, and cynical hostility have been related to smoking initiation, 
maintenance, and cessation in other populations. Higher cynical hostility predicts increased 
smoking initiation in youths and college students 57,58 and across races and genders,40 while 
higher optimism is associated with not smoking 59,60 and lower optimism is associated with 
greater escalation of smoking behavior among adolescents.61  Among 6th graders, high hostility is 
associated with more frequent smoking and with continued smoking in high school. 57 Among 
college students, higher hostility is associated with 27% higher odds of continuing smoking after 
graduation.58 However, how these traits may influence smoking behavior in the elderly is not 
well-known.  
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 The link between attitudes and smoking may be partially explained by how these 
attitudes influence perceived stress and coping, as well as how they interact with social 
support.48 Optimists are not only more hopeful about the future, but also cope with adversity 
in healthier ways62 and tend to have stronger social bonds;63 hostility in individuals can have 
the effect of reducing positive benefits of social support.64 In these ways, less optimistic and 
more hostile women may not be as equipped to handle the stressors of quitting smoking, or to 
fully leverage their support structures during the quit attempt. If this were the case, then 
the relationship between pessimism, cynical hostility, and smoking cessation should be even 
more pronounced in smokers with greater nicotine dependence. Heavier smokers, who are 
typically more nicotine dependent, would likely struggle with more pronounced withdrawal 
symptoms.  Nicotine is also shown to reduce anger among high (but not low) hostility 
smokers,65 and higher hostility predicts greater withdrawal symptoms after quitting smoking. 66,67 
We therefore expected cynical hostility may be more important in predicting quit rates for heavy 
(vs. light) smokers. 
These analyses examine whether psychological attitudes are prospectively and 
independently associated with smoking behavior over time among post-menopausal women e in 
the Women’s Health Initiative (WHI). Optimism (and its subscales; optimism and pessimism), 
and cynical hostility were assessed at baseline enrollment in the WHI, while smoking status was 
followed via self-report at years 1, 3, and 6 after baseline. We hypothesized that less optimistic 
(more pessimistic) and more cynically hostile women would be less likely to quit smoking over 
time, independent of depression.  We further hypothesized that low optimism and high cynical 
hostility would be associated with lower rates of cessation in women who were heavier smokers.  
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 METHODS 1.2
1.2.1 Study Population 
The Women’s Health Initiative recruited 161,809 postmenopausal women ages 50-79 from 
24 states and the District of Columbia from diverse racial, ethnic, and socioeconomic 
backgrounds into one of two longitudinal study branches between 1994 and 1998: the 
clinical trial (CT; n=68,133) or the observational study (OS; n=93,676).68  WHI exclusion 
criteria relevant to the current study  included: any substance abuse (aside from smoking or 
alcohol), mental illness (clinical depression and dementia), life expectancy less than three 
years, participation in other randomized trails, and plans to move from current area within 
3 years, as well as further restrictions for CT participants, which have been described 
elsewhere.68 The current analysis is restricted to women who smoked at baseline from either 
the OS or CT and who had complete data for optimism, pessimism, and cynical hostility 
(n=10,242).  
1.2.2 Optimism, Pessimism, and Cynical Hostility 
The WHI’s Behavioral Health Committee selected optimism and cynical hostility for inclusion in 
baseline psychological questionnaires because of their importance for women’s health and their 
ease of capture using brief and reliable tests.69   
Optimism is characterized by positive expectations for the future: “In uncertain times I 
usually expect the best”. Pessimism, on the other hand, is characterized by negative future 
expectations: “I rarely count on good things happening to me.”55  Optimism and pessimism were 
measured by the Life Orientation Test–Revised (LOT-R), a widely-used and validated 6-item 
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scale,  producing scores from 6 to 30, with higher scores signaling greater optimism and lower 
scores indicating greater pessimism. The LOT-R has two subscales of 3 questions that measure 
optimism and pessimism separately on a scale of 3-15). Higher optimism subscale scores 
indicate higher optimism, while lower scores reflect neutral expectations for positive events (i.e., 
having expectations for the future that are neither positive nor negative, but neutral). Similarly, 
higher scores on the pessimism subscale indicate higher pessimism, while lower scores reflect 
neutral expectations for future events. Full scale optimism (with optimism and pessimism at 
opposite ends of the same scale) and subscale optimism and pessimism scores were treated as 
both continuous and categorical measures. The continuous measure assesses the effects of a one-
point difference on the scales, while the categorical measures by quartiles of score assess 
clinically-meaningful differences observed between real-world “optimists” and “pessimists” who 
score at opposite ends of the scale. For the full-scale optimism score, these quartiles were:  low 
(6-20), mid-low (21-23), mid-high (24-25), and high (> 26).  Quartiles for the optimism subscale 
were: low (3-10), mid-low (11-12), mid-high (13), and high (> 14). Quartiles for the pessimism 
subscale were: low (3-5), mid-low (6), mid-high (7-8), and high (> 9).  
Cynical hostility (deep mistrust of others) was measured with the cynicism subscale of 
the Cook-Medley Questionnaire17,70 consisting of 13 true/false items such as “It is safer to trust 
nobody.” Higher scores indicate greater cynical hostility. Scores were treated as continuous 
measures and as categorical measures by quartiles of score: low (0-1), mid-low (2-3), mid-high 
(4-5), and high (6 and above).  
6 
1.2.3 Measuring Smoking 
Smoking was self-reported on baseline surveys (current, ever, or never smoker), along with 
cigarettes smoked per day, which was dichotomized for analysis into light (<15) and heavy 
smokers (≥15 cigarettes per day).71  Baseline current smokers’ (n=10,242) smoking status (y/n) 
was examined at years 1, 3, and 6 after baseline. Because heavier smoking is a sign of nicotine 
dependence72 and more hostile women experience greater withdrawal symptoms, we conducted a 
secondary analysis in which we repeated models separately in heavy vs. light smokers. Self-
reported smoking is considered a validated method for assessing smoking outside of clinical 
trials.49  
1.2.4 Covariates and Potential Confounders 
Individual characteristics known to be associated with smoking status or behaviors were 
measured by self-report at baseline and included as covariates, including age,73 race and 
ethnicity,73 cigarettes smoked per day (<15, ≥15),74 education (<HS, ≥HS),73 weekly exercise 
(METS/week),73 and alcohol consumption (y/n).73 Region of the United States10 (Northeast, 
South, Midwest, or West) was included because it is associated with the distribution of trait 
attitudes70 and of smoking. Other factors that may influence odds of quitting smoking were 
included, such as health insurance (y/n), social support (WHI construct, continuous score), 
having a regular source of medical care (y/n), and the presence or history (y/n) of seven health 
conditions at baseline: diabetes, high cholesterol, hypertension, CVD, cancer, depressive 
symptoms (short form CES-D; cut-offs of 0.06 indicating depressive symptoms which are 
separate from clinical depression), or obesity (BMI≥30). The physical baseline health conditions 
7 
were included to control for the fact that over 90% of individuals who attempt to quit smoking 
do so for health reasons,75 and that a health condition which results in more frequent visits to the 
doctor increases the chances an individual is exposed to smoking cessation advice from a 
physician.76  
1.2.5 Statistical Methods 
1.2.5.1 Baseline Characteristics  
Baseline characteristics were compared across quartiles of score for optimism and cynical 
hostility, including the covariates and potential confounders outlined above. Chi-squared tests 
(for categorical variables) and ANOVA tests (for continuous variables) were used to assess 
whether each variable was associated with quartiles of optimism and cynical hostility.   
1.2.5.2 Longitudinal Analysis 
To analyze the contribution of groups of covariates on the relationship between trait attitudes and 
smoking status, hierarchical (sequential) multiple regression analysis in 11 modeling steps was 
performed using generalized linear mixed models (SAS 9.4 PROC GLIMMIX using random 
intercept). The main analysis (Models 1-7) examined attitudes as independent predictors of 
smoking status, with different groups of covariates included in each model. We then compared 
heavy vs. light smokers in Model 8, and Models 9-11 were used to confirm that missing data was 
not affecting the effects seen in prior modeling steps.  
Each attitude variable (optimism and the optimism/pessimism subscales, cynical 
hostility) was modeled as an independent predictor of the binary outcome of smoking status. In 
the main analysis, covariates were added successively in 7 modeling steps (Table 1-1, Models 1-
8 
7): age and time (Model 1); sociodemographic factors including race/ethnicity, education, 
income, region, and insurance status (Model 2); cigarettes per day (Model 3); health behaviors 
including physical activity and alcohol consumption (Model 4); presence of 7 health conditions 
including diabetes, high cholesterol, hypertension, baseline CVD, cancer, depressive symptoms, 
and obesity (Model 5); social support and regular source of medical care (Model 6); and finally 
the other attitude of interest (Model 7).  Hierarchical modeling was used to better examine how 
covariates alter the relationship between attitudes and smoking status: by adding variables 
sequentially, we were able to see how effect sizes and significance changed with each added 
covariate. This methodology is useful to better understand the form of relationships between 
predictor and outcome variables77 and is used across various research areas including smoking 
and attitudes research. 78-80  Models were checked for multicollinearity.   
1.2.5.3 Examining Heavy vs. Light Smokers 
First we tested for an interaction between heavy and light smoking (≥15 cigarettes per day 
n=4413, <15 per day n=5829) and the main attitude predictor variable in Model 8 (Table 1-1). 
Then in a parallel set of models we tested first heavy smokers only and then light smokers only, 
mirroring Models 1-7 (excluding the cigarettes/day variable in these models).  
1.2.5.4 Examining Effects of Missing Data 
Although 95% of women reported smoking status at least once during follow up period, missing 
data for smoking status at years 1 (28% missing), 3 (17% missing), and 6 (14% missing) 
presented an analytical challenge because these data were not missing at random. Women with 
missing smoking status were less optimistic (all years), more cynically hostile (years 3 and 6), 
experienced more depressive symptoms (years 3 and 6), smoked more cigarettes (years 3 and 6), 
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and had lower incomes (all years) as compared to their counterparts without missing smoking 
status at each year.  
Pattern mixture modeling was used to address the effect of missing data in the main 
analysis (Table 1-1, Models 9-11). This required grouping women based on missing data 
patterns. The six groups were coded using dummy variables in Model 9. Next, Model 10 looked 
at the missing data patterns using one variable with six levels (pm), and also included two-way 
interactions for pattern mixture group, attitude, and time. Model 11 examines the 3-way 
interaction between attitude, pattern mixture group, and time.    
Table 1-1. Hierarchical Modeling Steps for Main Analysis 
Outcome =  
Smoking (Y/N) 
Category of  
Variables Added 
Variables Added in addition to Main Attitude 
predictor variable 
Model 1 Basic Predictors Age, Time 
Model 2 Demographics Race/Ethnicity, Education, Income, Region, Insurance 
Model 3 Smoking Level Cigarettes per day 
Model 4 Health Behaviors Physical activity, alcohol consumption 
Model 5 Health Conditions Diabetes, High cholesterol, hypertension, 
cardiovascular disease, cancer, depressive symptoms, 
obesity 
Model 6 Other Characteristics Social support, regular source of medical care 
Model 7 Other Attitude Other attitude (for example, if optimism is included as 
main attitude, other attitude here is cynical hostility) 
Model 8 Cigarettes per day 
interaction with attitude 
Cigsperday*Attitude 
Model 9 Pattern Mixture Groups Model 8 +Pattern Mixture Dummy Variables based on 
six different patterns of missing data 
(Pm1, Pm2, Pm3, Pm4, Pm5, Pm6) 
Model 10 Pattern Mixture two-way 
interactions 
Model 8 + Pattern Mixture group indicator variable 
(pm), pm*time, pm*attitude, attitude*time 
Model 11 Pattern Mixture three-way 
interaction 
Model 10 + Pm*attitude*time 
10 
 RESULTS 1.3
1.3.1 Baseline Characteristics 
Least (vs. most) optimistic female smokers were more likely to be from racial/ethnic minorities, 
to be uninsured, have less than a high school education, incomes under $35000, lower levels of 
physical inactivity, no regular care provider, lower levels of social support, to abstain from 
alcohol, and smoke ≥15 cigarettes per day (Table 1-2 , all p<0.05, p-values not shown). Least 
(vs. most) optimistic women were also more likely to report diabetes, high cholesterol, 
hypertension, CVD, depressive symptoms, obesity, and smoking at least 15 cigarettes per day 
(all p<0.05). The most (vs. least) cynically hostile women closely resembled least optimistic 
women on baseline factors, but were also more likely to have cancer at baseline (p=0.0082).  
Table 1-2: Baseline Characteristics of WHI Baseline Smokers. Quartile scores 
All Optimism Cynical Hostility 


















n=10,242 n=2223 n=2108 n=3323 n=2588 n=3013 n=2415 n=2644 n=2170 
Age at screening 61.1(6.8) 61.1(6.7) 61.3(6.7) 61.1(6.8) 60.8(6.8) 60.9(6.8) 61.1(6.9) 61.2(6.8) 61.1(6.6) 
U. S. Region 
Northeast 23.1 18.6 21.3 24.6 26.8 22.1 23.4 24.4 22.6 
South 26.4 27.1 25.7 25.9 27 28.9 27.9 24.1 24.02 
Midwest 22.9 22.8 24.8 23.7 20.3 22.4 21.6 22.7 25.2 
West 27.6 31.6 28.3 25.9 25.9 26.6 27.1 28.8 28.2 
Race/Ethnicity 
Black 13.3 12.8 12 14.4 13.2 20.2 14.6 9.3 7.2 
White 79.7 81.6 82.8 78.3 77.2 70.6 79.6 84.4 86.4 
Others 7.1 5.6 5.2 7.2 9.6 9.3 5.8 6.3 6.3 
Less than HS education 6.8 2.7 4.8 6.9 12.2 11.6 6.3 4.4 4 
Income < $35,000 47.7 37.9 43.8 49 58.2 56.7 47.9 44.4 39.3 
No Insurance 10 8.4 8.4 9.4 13.5 13.5 9 8.9 7.6 
Cigs/day ≥15 48.6 46.5 47.5 48.7 51.4 46.9 48.7 50.6 48.5 
METs per wk >=25 63.3 69.1 65.5 63.1 56.6 57.4 63.5 65 69 
Any Alcohol 76.3 81.2 78.1 76.1 70.7 70.7 77.5 78.1 80.4 
Diabetes ever 5.8 4.6 4.7 6.2 7.3 7.8 5.8 4.5 4.7 
High cholesterol 13.4 11.8 14 13 14.7 14.6 14.3 12.1 12.2 
Hypertension 34.4 30.3 33.7 36.5 35.8 38.1 34.1 32.5 31.7 
CVD 9.1 6.8 7.8 9.1 12 12.8 8.6 7.5 6.3 
Cancer 9.8 9.5 10.6 9.5 9.7 10.8 10.2 9.8 7.8 
Depressive Symptoms 17.6 7.2 9.8 16.4 35 27.9 17.4 13.1 9.5 
Obesity (BMI≥30) 24.3 22.8 22.3 24.7 26.8 28.2 26.1 21.4 20.5 
No Reg Care Provider 11.2 10.3 10.1 10.4 13.7 14 10.6 9.9 9.4 
Social Support Construct 34.4 (8.4) 37.8 (7.1) 35.8 (7.4) 34.1 (8.0) 30.7 (9.1) 31.7(9.2) 34.2(8.0) 35.6(7.8) 37.0 (7.3) 
Generalized Linear Mixed Models (SAS PROC GLIMMIX). 
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1.3.2 Longitudinal Analysis 
In order to check for the stability of the scores of optimism and hostility scores over time, we 
assessed the correlations between baseline and close-out attitudes scores on the subset of women 
for whom these were available (n=3704). The Pearson correlation coefficient for total optimism 
score was 0.605 (n=3704, p<0.0001) and for cynical hostility was 0.619 (n=3583, p<0.001). 
These are within the 0.6 – 0.8 range reported in the literature for adults. 81-83 The Pearson 
correlation coefficient for depressive symptoms was lower, at 0.338 (n=3638, p<0.001). All 
psychological attitudes were moderately but statistically significantly correlated with each other, 
with the highest correlation found between the optimism and pessimism subscale scores (Pearson 
coefficient =  -0.45, p<0.0001), and pessimism subscale and hostility score (Pearson coefficient 
=  0.37, p<0.0001).   
1.3.2.1 Full Scale Optimism 
Each 1-point increase in optimism (continuous) predicted a 3% increased odds in quitting 
smoking over time, after adjustment for age and time only (Model 1; OR=1.03, CI = 1.01-1.06, 
p=0.004), but this relationship was no longer significant after adding demographic covariates in 
Model 2 and beyond (not shown). Considering optimism in quartiles yielded similar results: most 
optimistic women were 40% more likely to quit smoking over time than least optimistic women 
(Model 1; OR=1.40, CI = 1.10-1.77, p=0.0061), but the difference was no longer significant after 
adjusting for demographics and further covariates (Table 1-3). Separate subscale analyses did 
not show differences in findings relative to the full scale.  
12 
1.3.2.2 Cynical Hostility 
A 1-point increase in cynical hostility (continuous) was associated with 6% lower odds of 
quitting smoking over time adjusting for age and time only (Model 1; OR=0.94, CI = 0.92-0.97, 
p<0.0001), which was slightly attenuated after adjustment for all covariates (Model 7; OR=0.95, 
CI=0.92-0.98, p=0.0013). The most (vs. least) cynically hostile women were 40% less likely to 
quit smoking over time (Model 1; OR=0.60, CI=0.47-0.75, p<0.0001), which remained 
significant after adjustment for all covariates (Model 7; OR=0.60, CI = 0.46-0.77, p< 0.0001; 
Table 1-3). 
Table 1-3: Attitudes and Odds of Quitting Smoking Over 6 Years Among WHI Baseline Smokers 
(n=10,242) by Quartiles of Attitude 
Covariates Included in 
modeling 
Optimism Full Scale 
(Most vs. Least) 
Cynical Hostility 
(Most vs. Least) 
OR (95% CI) p-value OR (95% CI) p-value 
Model 1 Basic Predictors 1.40 (1.10 - 1.77) 0.0061* 0.60 (0.47 - 0.75) <0.0001* 
Model 2 Demographics 1.20 (0.94 - 1.52) 0.1462 0.60 (0.47 - 0.76) <0.0001* 
Model 3 Smoking (heavy vs. light) 1.15 (0.90 - 1.46) 0.2625 0.56 (0.44 - 0.71) <0.0001* 
Model 4 Health Behaviors 1.09 (0.85 - 1.40) 0.4925 0.60 (0.47 - 0.76) <0.0001* 
Model 5 Health Conditions 1.07 (0.83 - 1.39) 0.5888 0.61 (0.48 - 0.78) <0.0001* 
Model 6 Other social factors 1.15 (0.88 - 1.50) 0.2953 0.59 (0.46 - 0.76) <0.0001* 
Model 7 Other attitude (optimism 
and hostility together) 1.01 (0.77 - 1.32) 0.9387 0.60 (0.46 - 0.77) <0.0001* 
1.3.2.3 Interactions and Pattern Mixture Models 
In Model 8, only the interaction between cynical hostility (in quartiles) and cigarettes per day 
approached significance (Model 8, p=0.074), which prompted a secondary analysis stratifying 
women into separate cohorts based on heavy (≥15 cigarettes per day, n=4413) and light (<15, 
n=5829) smokers. Pattern mixture groups were not significant as individual predictors in Model 
9. Two-way pattern mixture results (Model 10) showed significant interaction between optimism
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and pattern group, which did not affect results because optimism was not significant after 
adjustment. Three way interactions (Model 11) were not significant. 
1.3.2.4 Stratified Models for Cynical Hostility Among Heavy vs. Light Smokers 
We repeated Models 1, 2, 4, 5, 6, and 7 for light and heavy smokers to examine the effect of 
cynical hostility more closely in these groups. Higher cynical hostility (measured continuously) 
significantly predicted lower odds of quitting smoking only among heavy (Model 7 OR: 0.92, CI 
= 0.88-0.97, p=0.0006), but not light smokers (Model 7 OR: 0.97, CI = 0.93-1.02, p=0.2094). 
When considered categorically, most (vs. least) cynical hostile women were consistently less 
likely to quit smoking in both the heavy and light smoking groups. Most (vs. least) cynical 
hostile heavy smokers had 54% lower odds of quitting smoking (Model 7 OR: 0.46, CI = 0.31-
0.67, p<0.0001), while the most (vs. least) cynical hostile light smokers were 30% less likely to 
quit (Model 7 OR: 0.70, CI =0.49 -0.99, p=0.0420) as shown in Figure 1-1.  
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Stratified Model 7 using SAS PROC GLIMMIX, adjusting for all covariates.  
Figure 1-1. Fully-adjusted odds ratios the effect of hostility (most vs. least) on the likelihood of 
quitting smoking, among heavy and light smokers over time 
 DISCUSSION 1.4
Among WHI women, cynical hostility consistently predicted lower odds of quitting 
smoking during a six-year follow up after adjustment for a number of important covariates. 
Consistent with what we expected, our initial set of models indicated an interaction of 
borderline significance between cynical hostility and smoking level (heavy vs. light). Stratified 
analysis of heavy vs. light smokers confirmed these hypotheses: though cynical hostility 
predicted lower odds of quitting in both heavy and light smokers, the effect size appeared to be 
more pronounced for most cynically hostile heavy smokers (54% less likely to quit compared 
to least cynically hostile heavy smokers), than most cynically hostile light smokers (30% less 






























Cynical Hostility (Most vs. Least) 
Odds of Quitting Smoking:  
Heavy versus Light Smokers 
p<0.0001 p=0.0420 
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In contrast to the findings for cynical hostility, hypotheses were not confirmed for 
optimism (or either the optimism or pessimism subscales). When demographic predictors 
(race/ethnicity, education, income, region, and insurance status) were included as covariates, 
the initial effect of increased optimism on increased quitting rates was no longer significant. 
These findings are in line with prior literature identifying cynical hostility as a risk factor 
for smoking initiation and maintenance, and extend them to smoking maintenance and quitting 
behaviors among elderly women. Cynical hostility may influence smoking behavior in many 
ways, including greater depression and lower social support, both of which may undermine 
motivation, self-efficacy, and coping skills for smokers attempting to quit.84 Yet our results 
persisted even after controlling for these factors.  Cynical hostility may also influence smoking 
in other ways that this study could not control for, such as providing an additional barrier for 
women who initiate a quit attempt.   
Though we expected significant effects for optimism as well as cynical hostility, it 
appeared the role of demographic predictors and socioeconomic status explained the 
association between optimism and smoking cessation. Stress induced by low SES or 
discrimination induced by minority status may increase the likelihood of developing negative 
attitudes in the first place, 85 but SES and psychological attitudes are likely mutually 
reinforcing,86 and certain attitudes may exacerbate, while others may buffer, these stresses.87 
Our results are in line with this literature, and suggest that the effects of optimism on 
smoking cessation in elderly women are likely entirely explained by these 
socioeconomic and demographic factors. 
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 LIMITATIONS 1.5
Intent to quit smoking, quit attempts, and use of quit aides were not measured in the WHI and 
limited our ability to determine the direct mechanism by which psychological attitudes may 
have influenced smoking cessation rates. Because smoking was measured by self-report 
in mailed surveys, there are some missing data for smoking status. However, pattern 
mixture modeling results confirmed missing data patterns were not likely to influence the 
observed results.  
While the WHI draws from a large, diverse, and representative sample of women in the 
United States, the WHI sample may limit the generalizability of findings to all persons 
because the sample focused on postmenopausal women only (possibly limiting usefulness of 
the findings for other ages and genders), and because WHI women are typically healthier and 
more motivated toward healthy behavior than the general population of healthy women. 
Because the WHI excluded women with mental health conditions like depression, our sample 
likely only includes women who had late-life onset episodes (another difference from the 
general population).  
 CONCLUSIONS 1.6
Higher cynical hostility predicted lower odds of quitting smoking over six years of 
follow-up in post-menopausal Women’s Health Initiative participants who were smoking 
at baseline. Individuals with high cynical hostility may represent a group for whom 
attempting to quit smoking or following through with a quit attempt is particularly challenging, 
and for whom additional cessation resources may be required.  Smoking-attributable  
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mortality has been underestimated in past analyses,1 particularly for individuals age 55 
and over. Thus, it is imperative that we identify and target those at higher risk of not 
quitting. Our findings suggest that cynical hostility may be a marker for those potentially at 
higher risk of not quitting smoking over time, particularly in older adults. Additionally, though 
cynical hostility is relatively stable over time, some researchers have shown significant 
reductions in hostility using techniques like mindfulness-based stress reduction (with stronger 
effects among women than men).88 89 Future studies should examine whether cynically hostile 
women may benefit from additional resources for smoking cessation, or whether targeting 
cynical hostility itself may be helpful in aiding smoking cessation for this subset of women 
at higher risk for continued smoking.  
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2.0  PSYCHOLOGICAL ATTITUDES MAY MODERATE DISPARITIES IN 
PREVENTIVE SERVICE USE IN MEDICARE 
 INTRODUCTION 2.1
Even in the elderly population in the United States, where Medicare ensures near-universal 
insurance coverage, there is large variation in the use of preventive services, and differences in 
preventive service use persist by race/ethnicity and other socioeconomic status (SES) measures 
such as income and education. 90 Individuals from minority racial and ethnic groups and those 
with lower SES typically underutilize preventive services, 91-99 which often leads to higher 
downstream morbidity and mortality.100-102 SES is also associated with lower use of preventive 
and screening services. 91,92,103 Women at or below 125% of the federal poverty level are half as 
likely as high income women to receive pap smears, mammograms, and cholesterol and breast 
cancer screenings, and less than a third as likely to have blood pressure screenings.91 Yet lower 
rates of preventive services are not adequately explained by race/ethnicity or SES. 104-107,108     
Psychological attitudes are associated with health outcomes and behaviors, 18-47 and may 
explain some of the variation in use of preventive healthcare service by race/ethnicity and SES. 
Lower SES individuals have lower average optimism scores, 109 and black women have higher 
cynical hostility scores than their white peers. 48 The Reserve Capacity Model theorized by 
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Matthews and others 85,110 posits that low SES likely marks a high stress environment which, 
may stabilize over time into more negative attitudes 109 that ultimately influence health behaviors 
including diet, physical activity, sleep, and substance abuse. 29,31,32,110-112 A range of attitudes 
including optimism (positive future expectation16) and cynical hostility (mistrust of others17) 
predict Alzheimer’s disease, cardiovascular disease, and other chronic diseases. 20,35,50-53 In the 
Women’s Health Initiative (WHI), both optimism and cynical hostility independently predict 
incident coronary heart disease (CHD), cancer-related mortality, and overall mortality.48 These 
effects of attitudes on health are likely via direct processes (e.g., neuroendocrine responses to 
stress)30-32,111-113 and indirect ones (health care utilization,114-117 health behaviors, or adherence to 
medical advice). Studies linking other psychological factors with healthcare utilization have 
uncovered that lengths of stay are higher for surgery patients with a pessimistic outlook115 and 
that low agreeableness and high extroversion are associated with higher emergency department 
(ED) use. 114 
Stress induced by low SES or discrimination induced by minority status may increase the 
likelihood of developing negative attitudes in the first place,85 but SES and psychological 
attitudes are likely mutually reinforcing,86 and certain attitudes may exacerbate, while others may 
buffer, these stresses.87 Given that the role of race/ethnicity and SES factors in preventive service 
use is fairly well-established, this analysis focuses on extending our knowledge of whether 
psychological attitudes (optimism and cynical hostility) mediate or moderate this relationship. 
Our study examines the use of screening mammograms and lipid screenings measured via 
Medicare claims data linked with the WHI, the largest longitudinal study of post-menopausal 
women in the United States. Optimism, cynical hostility, race/ethnicity, income, and various 
health-related covariates were obtained from WHI data. We expected that more optimistic and 
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less cynically hostile women would exhibit more favorable screening profiles (more frequent 
screenings), and anticipated that both optimism and cynical hostility would play significant roles 
as mediators and moderators of the relationship between race/ethnicity, income, education, and 
use of screening mammograms and lipid screenings.  
 METHODS 2.2
2.2.1 Overview 
We examined length of time that elapsed without women receiving screening mammograms or 
lipid testing, stratified by quartiles of optimism and cynical hostility score. Repeated events 
survival analysis was employed examine the extent to which psychological attitudes mediate or 
moderate the relationship between race/ethnicity, income, education, and screening events.  
2.2.2 Study Population 
The Women’s Health Initiative recruited 161,809 postmenopausal women ages 50-79 from 24 
states and the District of Columbia from diverse racial, ethnic, and socioeconomic backgrounds 
into one of two longitudinal study branches between 1994 and 1998: the clinical trial (CT; 
n=68,133) or the observational study (OS; n=93,676).68  WHI exclusion criteria relevant to the 
current study include: any substance abuse (except smoking or alcohol), mental illness (severe 
depression, dementia), life expectancy under three years, participation in other randomized trials,
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and plans to move within 3 years.68 Our analysis is limited to WHI participants from either the 
CT or OS who were still enrolled in the WHI on January 1, 2005 (n=115,399) and who had 
linked CMS Medicare claims data (n=102,855). We created separate cohorts for each outcome of 
interest (screening mammograms and lipid screenings), further restricted to women who had 
complete data for optimism and cynical hostility. Mammogram screening cohort participants 
were continuously enrolled in fee-for-service (FFS) Medicare Parts A and B for at least 2 years 
during the window of 2005-2010, whereas lipid screening cohort participants were continuously 
enrolled in Medicare Parts A and B for at least 5 years. Each cohort restricted based on relevant 
health conditions: women the screening mammograms cohort were free from breast cancer prior 
to study start in 2005 (final n=48,291), while the lipid screenings cohort included women with no 
history of 13 cardiovascular and lipid diseases by 2005 (final n=24,857). (See Figures 2-4 and 
2-5 in Appendix for details). 
2.2.3 Outcome Variables: Screening Mammograms and Lipid Screenings 
We selected screening mammograms and lipid testing because both services were recommended 
by the United States Preventive Services Task Force (USPSTF) during the study period and were 
covered as preventive services in Medicare. At the time of our study (2005 through 2010), 
women over 40 years old were advised to have a screening mammogram every 1-2 years.118 
Women aged 45 years and over were recommended to have “routine” lipid screening if they 
were at high risk for CVD.119  Industry-specific guidelines from the National Cholesterol 
Education Program recommended that all adults aged 20 years and older receive a lipid 
screening every 5 years.120 During our study period, screening mammograms were not subject to 
deductible requirements but were subject to co-insurance (20% in the absence of a supplemental 
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policy). Neither deductibles nor copays were applied to the cardiovascular screening benefit that 
covered lipid screenings.121   
2.2.3.1 Measuring Screenings with Claims Data 
We used HCPCS/CPT codes from Medicare Physician/Supplier Part B Carrier claims files 
(which includes outpatient physician services) to identify screening mammograms and lipid tests, 
and also applied a modified published algorithm to account for potential miscoding of screening 
vs. diagnostic mammograms (See Figures 2-6 and 2-7 in Appendix for procedure codes and 
algorithm for both outcomes).  
2.2.3.2 Time-Without-Screening and Screening Event Survival Analysis 
For both screening mammograms and lipid screenings, we constructed a “time-without-
screening” variable for each cohort. Time-without-screening was constructed based on both the 
time elapsing between two definite screening events (screening mammogram or screening lipid 
test), as well as the time elapsing between specific events such as study start and screening, or 
screening and study end. Thus, for the mammograms cohort, any time period between the 
following events was used to construct time-without-screening durations: study start, 
mammogram screening, a diagnostic mammogram, study end, diagnosis of breast cancer, or 
death (See Figure 2-8 in Appendix). For the lipid testing cohort, time-without-screening 
duration was measured as time periods occurring between any of the following events: study 
start, lipid screening, diagnosis of CVD, death, or study end (See Figure 2-9 in Appendix). 
These variables did not take into account whether the desired event (screening) happened at the 
end of this duration, only the time that elapsed during the duration. For survival analysis, these 
time durations were used, as well as indicators for whether or not the desired event (screening) 
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occurred at the end of each event period. This modeling strategy allowed us to use both left and 
right-censored time gaps, and therefore to use more information contained in our data than would 
a traditional time-to-event model with repeated measures (See Figure 2-10 in Appendix for 
illustration of time periods with complete information versus censoring).   
2.2.4 Predictor variables: Attitudes, Race/Ethnicity, and SES 
Optimism was assessed at WHI baseline by the Life Orientation Test-Revised (LOT-R) 
questionnaire.16 This six-item scale (See Figure 2-11 in Appendix) results in scores from 6-30; 
higher scores indicate greater optimism and lower scores indicate greater pessimism. We 
classified women based on their quartile of score48: Least (<22), Mid-low (22 to < 24), Mid-high 
(24 to <26), Most (26+).  
Cynical Hostility was assessed at WHI baseline using the 13-item cynicism subscale of 
the Cook Medley hostility questionnaire (Range: 0-13, higher scores indicate greater cynicism, 
See Figure 2-12 in Appendix). 122 We classified women based on quartile of score:48  Least 
(<1), Mid-low (1 to < 3), Mid-high (3 to < 5), Most (5+).  
Race/Ethnicity, Income, and Education were all self-reported variables collected at 
WHI baseline. Race/ethnicity was reported in the following categories: White, Black, 
Hispanic/Latino, Asian or Pacific Islander, American Indian or Alaskan Native, and Other. 
Women self-reported gross total family annual income from which we created four categories: 
<$20,000, $20,000-$49,999, $50,000 to $74,999, and >=$75,000. Education levels were less 
than high school, high school or GED, some school past high school, college or some post-
graduate or post-professional training, and graduate degree or higher.  
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2.2.5 Covariates and Potential Confounders 
Models of both screening mammography and lipid screening were corrected for important 
covariates: some measured at baseline in WHI, and several updated through the study baseline in 
2005.  Baseline measures included WHI Control Trial vs. Observational Study enrollment, age 
on Jan 1, 2005, and Medicare eligibility (65+, disability, end-stage renal disease, disability and 
end-stage renal disease), whether women were uninsured, had a regular medical provider, or 
lived alone, depressive symptoms (y/n, CES-D algorithm 69,123,124), social support construct 
(continuous69,125 ), and social strain construct69,126 (continuous77,79). Baseline health behaviors 
included whether women drank alcohol, exercise METs/week (<2.5, 2.5 to <18.5, and 18.5 or 
greater). Additional health factors were included and were also updated through 2005 when 
available: smoking status (current, past, or never smoker), obesity measured as BMI≥30, 
hypertension ever, high cholesterol requiring pills ever, and diabetes ever.  
For the screening mammograms cohort, we also included an additional two variables 
updated through the latest value by Jan 1, 2005 measuring the number of breast biopsies (0, 1, or 
≥2), as well as family history of first-degree female relatives with breast cancer (none, or ≥1). 
We similarly included another two variables updated through Jan 1, 2005 for the lipid testing 
cohort. These included a family history of myocardial infarction (none or any relatives affected), 
and a measure of the number of CVD risk factors (0-8) based on tobacco use, obesity, diabetes, 
hypertension, cardiac catheterization ever, atrial fibrillation ever, aortic aneurism ever, and first-
degree relative with myocardial infarction. This measure was meant to capture severity of CVD 
risk.  
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2.2.6 Statistical Methods 
2.2.6.1 Baseline Characteristics 
We described baseline characteristics according to race/ethnicity, income, education, mean 
optimism and cynical hostility scores, and all relevant covariates noted above for the screening 
mammograms (n=48,291) and lipid screenings cohorts (n=24,857).    
2.2.6.2 Distribution of Race/Ethnicity, Income, and Education by Attitude  
We described of how mean optimism and cynical hostility vary each in each sample based on 
race/ethnicity, education, and income levels. We evaluated whether there are statistical 
differences race/ethnicity, income and education by quartile of optimism and cynical hostility 
based on chi-square tests of association.  
2.2.6.3 Distribution of Observed Time-Without-Screening by Attitudes 
Differences in observed time-without-screening were evaluated by quartiles of optimism and 
cynical hostility score in each cohort, and tested for significance by chi-square tests of 
association.  
2.2.6.4 Modeling Attitudes for Role as Mediators and Moderators 
Modeling analysis focuses on determining whether optimism and cynical hostility may act as 
mediators or moderators of the established influence of race/ethnicity and SES on screenings 
using five modeling steps (Figure 2-1 below), each model adjusted for covariates (above). In 
Model 1, race/ethnicity, income, and education are regressed on optimism and cynical hostility 
(ordinal logistic regression on quartiles of score for each attitude separately, PROC GLM ,SAS 
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Version 9.2). Models 2-5 were each conducted using conditional risk set Repeated Events 
Survival Modeling using COX Models127 to estimate the risk of screening mammograms and 
lipid screenings (PROC PHREG, SAS Version 9.3). These models assume that a woman is not at 
risk of a second screening until her first screening is complete.  Model 2 regresses race/ethnicity, 
income, and education on screening mammograms and lipid screenings (separately by cohort), 
Model 3 examines optimism and cynical hostility as predictors for screenings). Model 4 
combines Model 1 and Model 3 predictors, and will allow us to determine whether effect sizes 
change or disappear when race and SES variables enter the model together with attitudes 
(mediator-type effect). Finally, Model 5 extends Model 4 by adding interaction terms between 
each attitude and each race/ethnicity and SES variable. Significant interaction terms in Model 5 
would indicate a moderator-type effect.  
Figure 2-1: Modeling Steps to Examine the Role of Attitudes as Mediators or Moderators 
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 RESULTS 2.3
2.3.1 Baseline Characteristics and Cross-Sectional Analysis 
Our mammography cohort had an average age of 72.2 (SD 6.4), was primarily white (89.5%) 
and was relatively well-educated and high-income, with only 2.8% of women having not 
completed high school and 10.6% reporting household incomes of less than $20,000 annually. 
Our lipid screening cohort was similar on demographic characteristics: 72.5 years old (SD 5.7), 
90.5% white, 2.4% completing less than a high school education, and 9.4% reporting incomes 
less than $20,000 annually. Due to application of exclusion criteria for cardiovascular and lipid 
disorders, the lipid screening cohort was markedly healthier and had lower prevalence of obesity, 
diabetes, and hypertension (Table 2-1).  
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Table 2-1. Baseline Characteristics 








N % N % 
Enrolled in OS 26079 54.0 14110 56.8 
Age on Jan 1, 2005   (Mean, SD) 72.2 6.4 72.5 5.7 
U.S. region:      Northeast 12354 25.6 6468 26.0 
South 14303 29.6 7150 28.8 
Midwest 11434 23.7 5937 23.9 
















Race/ethnicity:      White 43241 89.5 22495 90.5 
Black 2746 5.7 1252 5.0 
Hispanic 862 1.8 396 1.6 
American Indian 128 0.3 55 0.2 
Asian/Pacific Islander 817 1.7 411 1.7 
Unknown 497 1.0 248 1.0 
Education:      0-8 years 249 0.5 99 0.4 
Some high school 1131 2.3 496 2.0 
High school diploma/GED 7840 16.2 3861 15.5 
School after high school 17689 36.6 8820 35.5 
College degree or some postgrad 11834 24.5 6423 25.8 
Graduate degree or higher 9324 19.3 5036 20.3 
Income    <$20,000 5138 10.6 2332 9.4 
$20,000 - $49,999 19881 41.2 10218 41.1 
$50,000 - $74,999 10152 21.0 5318 21.4 













Medicare eligibility:  65+  46947 97.2 24320 97.8 
Disability 1332 2.8 534 2.1 
End-stage renal disease 9 0.0 3 0.0 
Both DIB + ESRD 3 0.0 0 0.0 
Uninsured at baseline of WHI 1414 2.9 706 2.8 












Optimism construct     (Mean, SD) 23.6 3.4 23.7 3.3 
Hostility construct     (Mean, SD) 3.4 2.7 3.3 2.6 
Lived alone at baseline  10906 22.6 5637 22.7 
Social support construct   (Mean, SD) 36.6 7.4 36.9 7.2 









 Consumed alcohol at baseline  34193 70.8 18250 73.4 
Physical activity:    <2.5 METs/week 10780 22.3 5422 21.8 
2.5 - <18.25 METs/week 23238 48.1 12411 49.9 
≥18.25 METS/week 12022 24.9 6987 28.1 
Smoking:                 Smoked at baseline of WHI  2674 5.5 1188 4.8 
Past smoker 20534 42.5 10527 42.4 









s Obesity (BMI≥30 at Baseline)  13281 27.5 6090 24.5 
Hypertension ever at baseline  15634 32.4 6464 26.0 
High cholesterol requiring pills ever at baseline  6346 13.1 0 0.0 
Diabetes ever at baseline  2172 4.5 653 2.6 
Depressive symptoms (CES-D) at baseline  4213 8.7 1913 7.7 
2.3.2 Distribution of Race/Ethnicity, Income, and Education by Attitude 
In the mammograms cohort, mean levels of optimism (Table 2-2) were generally lower for 
minority women (with the exception of black women, whose mean rates in this cohort were 
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similar to whites). Mean scores for cynical hostility in the mammograms cohort were higher for 
minority groups as compared to whites, with the exception of Asian/Pacific islander women. 
These same patterns held for the lipid screening cohort. Mean rates of optimism increased along 
the gradient of increased education and increased income in both cohorts and the reverse trend 
was true for cynical hostility. These differences were statistically significant when attitudes were 
characterized by quartiles of score and assessed via chi-square tests for significance (all 
p<0.0001). 
Table 2-2. Mean Attitudes Scores by Race/Ethnicity and SES variables 
Mean Attitudes Scores by 




Lipid Screening Cohort 
n=24,857 
Optimism Cynical  Hostility Optimism 
Cynical 
Hostility 
N Mean (SD) Mean (SD) N Mean (SD) Mean (SD) 
Race/ethnicity 
White 43241 23.6 (3.4) 3.3 (2.6) 22495 23.8 (3.3) 3.2 (2.6) 
Black 2746 23.6 (3.4) 4.5 (3.0) 1252 23.6 (3.5) 4.5 (2.9) 
Hispanic 862 22.8 (3.4) 4.1 (3.1) 396 22.9 (3.2) 3.9 (3.0) 
American Indian 128 22.8 (3.8) 4.5 (3.2) 55 23.5 (3.6) 4.6 (3.0) 
Asian/Pacific Islander 817 22.7 (3.0) 3.2 (2.9) 411 22.7 (3.0) 3.2 (2.9) 
Unknown  497 23.1 (3.3) 4.0 (2.8) 248 23.5 (3.0) 3.7 (2.7) 
Education 
0-8 yrs 249 21.5 (3.4) 5.4 (3.5) 99 21.4 (3.9) 5.1 (3.7) 
Some high school 1131 22.0 (3.5) 4.6 (3.2) 496 22.2 (3.5) 4.3 (3.1) 
High school diploma/GED 7840 22.7 (3.3) 3.7 (2.8) 3861 22.9 (3.3) 3.6 (2.7) 
School after high school 17689 23.5 (3.3) 3.6 (2.7) 8820 23.6 (3.3) 3.5 (2.7) 
College degree or some post-grad 11834 24.0 (3.3) 3.1 (2.6) 6423 24.1 (3.3) 3.1 (2.5) 
Graduate degree or higher 9324 24.2 (3.3) 3.1 (2.5) 5036 24.2 (3.4) 3.0 (2.5) 
Missing 224 23.3 (3.7) 3.9 (2.9) 122 23.3 (3.7) 3.7 (2.8) 
Income  < $20,000 5138 22.6 (8.6) 4.3 (3.0) 2332 22.7 (3.6) 4.1 (3.0) 
$20,000 - $49,999 19881 23.4 (3.3) 3.5 (2.7) 10218 23.5 (3.3) 3.4 (2.6) 
$50,000 - $74,999 10152 23.8 (3.3) 3.2 (2.6) 5318 23.9 (3.3) 3.1 (2.5) 
$75,000 + 10443 24.3 (3.2) 3.0 (2.5) 5564 24.4(3.2) 3.0 (2.5) 
Missing 2677 23.4 (3.4) 3.6 (2.8) 1425 23.6(3.3) 3.5 (2.7) 
Note: Range of scores for optimism is 6-30 and for cynical hostility is 0-13. 
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2.3.3 Distribution of Observed Time-Without-Screening by Attitudes 
2.3.3.1 Screening Mammograms 
Consistent with our hypothesis, most optimistic women had an median observed time-without-
screening of 13.5 months for mammograms while least optimistic women had a median 
observation of 14.4 months between screening mammograms (p<0.0001 across quartiles, Figure 
2-2). Similarly, least cynically hostile women had a median of 12.8 months without screening 
mammograms, while their most hostile peers’ median was 14.4 months  (p<0.0001 across 
quartiles).  
Figure 2-2. Distribution of Observed Time-Without-Screening Mammograms 
by Quartiles of Attitude 
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2.3.3.2 Lipid Screenings 
Contrary to what we expected, most optimistic women had longer median observed time-without 
screening (18.0 months) than their least optimistic peers (17.7 months), significant at p=0.0006 
across quartiles (Figure 2-3). We saw a similarly unexpected result for cynical hostility and 
time-without-lipid screening: least cynically hostile women had longer median observed time-
without-screening (18.0 months) as compared to their most cynically hostile peers (16.3 months, 
p=0.0035 across quartiles).  
Figure 2-3. Distribution of Observed Time-Without-Lipid-Screenings by Quartiles of Attitude Score 
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2.3.4 Modeling Attitudes for Role as Mediators and Moderators 
2.3.4.1 Overall (Type III) Effects 
Race/ethnicity and education significantly predicted attitudes (optimism and cynical hostility) 
and screenings in Models 1 and 2, while income significantly predicted attitudes and screening 
mammograms but not lipid testing (Table 2-3).  Optimism, but not cynical hostility, was 
significantly associated with screening mammograms and lipid screenings (Model 3). Results for 
Model 4 were consistent with earlier models, suggesting that attitudes did not act as mediators, 
while Model 5  showed significant interactions for optimism and race (in the case of screening 
mammograms) and cynical hostility and race (in the case of lipid testing); which suggests 
attitudes do act as mediators in the relationship between race/ethnicity, SES, and screenings.  
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Table 2-3. Type III (Overall) Significant Associations for Screening Mammograms and Lipid 
Screenings 





Lipid Screening Cohort 
n=24,857 
Model 1 Optimism Cynical Hostility Optimism 
Cynical 
Hostility 
Race/Ethnicity     
Income      
Education      
Model 2 Screening Mammograms Lipid Screenings 
Race/Ethnicity   
Income   - 
Education    
Model 3 Screening Mammograms Lipid Screenings 
Optimism    
Cynical Hostility - - 
Model 4 Screening Mammograms Lipid Screenings 
Race/Ethnicity    
Income   - 
Education    
Optimism    
Cynical Hostility - - 
Model 5 Screening Mammograms Lipid Screenings 
Race/Ethnicity    
Income  - - 
Education  - - 
Optimism  - - 
Cynical Hostility  - - 
Optimism * Race/Ethnicity  - 
Optimism*Income - - 
Optimism*Education - - 
Cynical Hostility*Race/Ethnicity -  
Cynical Hostility*Income - - 
Cynical Hostility*Education - - 
Modeled using GLM ordinal regression (Model 1) and Repeated Events Survival Analysis (Models 2-5) and 
adjusting for covariates. Models 2-5 accounted for repeated measures by reporting estimates and p-values 
adjusted using sandwich variance estimator (robust variance estimator). 
2.3.4.2 Examining Direction of Effects 
In Model 1, Black vs. white women were more likely to be in higher quartiles of score for 
optimism and cynical hostility when adjusted for covariates in both screening cohorts (all 
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p<0.0001, Table 2-4). That black women were more likely to be optimistic after full adjustment 
was unexpected, but likely explains why no black vs. white differences are seen in any 
subsequent modeling steps: it is likely that these models have “adjusted away” the factors that 
typically account for any existing differences between black and white women through extensive 
covariate adjustment. What remains of the racial/ethnic differences appears in smaller subgroups. 
High vs. low income and high vs. low education predicted higher quartile of optimism score and 
lower quartile of cynical hostility score in both cohorts, which was in the expected direction.   
In Model 2, higher-income and higher-educated women were more likely to obtain a 
screening mammogram (Table 2-4).  Black vs. white women had no statistically significant 
difference, but as an example of subgroup differences, Asian/ Pacific Islander women were 10% 
more likely to have screening mammograms (p=0.0022) and 60% more likely to have lipid 
screenings (p<0.0001), while Hispanic women were 10% less likely to have screening 
mammograms only (p=0.0002, not shown). These sub-group differences likely account for the 
overall effect of race being significant for Model 2 (Table 2-4). Due to small sample size, we 
cannot account for significance of effects in smaller racial/ethnic categories.   
In Model 3 least vs. most optimistic women were 4% more likely to have screening 
mammograms (HR 1.04, 95% CI 1.02-1.07, p=<0.0001*), and 3% more likely to have lipid 
screenings (HR 1.03, 95% CI 1.00-1.07, p=0.0506*). Cynical hostility was not associated with 
obtaining either lipid screenings or screening mammograms (Table 2-4) 
In Model 4 for the mammograms cohort, effects were similar in size and direction to 
those seen in Models 2 and 3. The same was true of Model 4 in the lipids cohort, with the 
exception that optimism (which had been significant at p=0.0506) was no longer significant 
(p=0.057). Therefore overall the attitudes variables did not mediate the effect of income or 
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education on likelihood of receiving screening mammograms. Women with high vs. low incomes 
(HR 1.10, 95% CI 1.07-1.14, p<0.0001), high vs. low education levels (HR 1.07, 95% CI 1.02-
1.13, p=0.0073), and least vs. most optimism scores (HR 1.05, 95% CI 1.03-1.07, p<0.0001) 
were more likely to obtain screening mammograms (Table 2-4).  
In Model 5, as mentioned, overall effect of race/ethnicity was significant both for 
screening mammograms and lipid screenings, while an optimism-by-race interaction was 
significant only for mammograms, and a cynical hostility-by-race interaction was significant 
only for lipid screenings. Least (vs. most) optimistic American Indian women were 70% more 
likely to obtain screening mammograms (HR 1.70, 95% CI 1.12 -2.59, p=0.0148, not shown) and 
least (vs. most) optimistic women in the Other racial/ethnic category (which includes both multi-
racial women and women who did not choose to report race) were 38% more likely to obtain 
screening mammograms (HR 1.38, 95% CI 1.10-1.74, p=0.0060, not shown). In the lipid 
screenings cohort, the difference in screenings for the most vs. least hostile women was not 
significant in any racial/ethnic group; the interaction was significant due to differences among 
the middle quartiles and least cynically hostile women in Hispanic, American Indian, and black 
women. Due to sample size limitations, we cannot directly address the significance of the 
observed effects within each group for Model 5 (Table 2-4).   
36 
Table 2-4. Results for Screening Mammograms and Lipid Screenings 
Analysis Models -  
Fully adjusted for 
covariates 
Screening Mammography Cohort 
n=46,895 




(increasing score by 
quartile) 
Cynical Hostility 
(decreasing score by 
quartile) 
Optimism 
(increasing score by 
quartile) 
Cynical Hostility 
(decreasing score by 
quartile) 
OR (95% CL) p-value OR (95% CL) p-value OR (95% CL) p-value OR (95% CL) p-value 
Race/Ethnicity  (Black 
v. White)
Income  ($75K+ vs 
<20K) 
Education (Grad 
degree + v. <HS) 
1.22 (1.12- 1.32) p<0.0001*
1.45 (1.34- 1.56) p<0.0001 *
2.60 (2.32- 2.90)  p<0.0001 * 
0.64 (0.59- 0.69) p<0.0001 * 1.08 (0.97- 1.21) p<0.0001 * 0.61 (0.54-0.68) p<0.0001* 
1.25 (1.16- 1.34) p<0.0001 * 1.41 (1.27- 1.56) p<0.0001 * 1.22 (1.10- 1.35) p=0.0002* 
1.68 (1.50- 1.88) p<0.0001 * 2.21 (1.87- 2.61) p<0.0001 * 1.44 (1.22- 1.70) p<0.0001 * 
Model 2 
Screening Mammograms Lipid Screenings 
HR (CI) p-value HR (CI) p-value 
Race/Ethnicity  (Black 
v. White) 0.97 (0.94-1.00) p=0.0766 1.01 (0.96-1.06) p=0.7444 
Income  ($75K+ v 
<20K) 1.10 (1.06-1.14) p<0.0001* 1.01 (0.96-1.06) p=0.7984 
Education (Grad 
degree + v. <HS) 1.06 (1.01-1.12) p=0.0221* 0.96 (0.89-1.05) p=0.3890 
Model 3 
Screening Mammograms Lipid Screenings 
HR (CI) p-value HR (CI) p-value 
1.04 (1.02-1.07) p<0.0001* 1.03 (1.00-1.07) p=0.0506* 
Optimism 
(Least v. Most) 
Cynical Hostility 
(Most v. Least) 1.01 (0.99-1.03) p=0.4716 0.99 (0.95-1.02) p=0.393 
Model 4 
Screening Mammograms Lipid Screenings 
HR (CI) p-value HR (CI) p-value 
Race/Ethnicity  (Black 
v. White) 0.97 (0.93-1.00) p=0.0835 0.88 (0.71-1.09) p=0.2314 
1.10 (1.07-1.14) p<0.0001* 1.01 (0.96-1.06) p=0.7342 
1.07 (1.02-1.13) p=0.0073* 0.97 (0.89-1.05) p=0.4078 
1.05 (1.03-1.07) p<0.0001* 1.01 (0.98-1.04) p=0.5701 
Income  
($75K+ v. <20K) 
Education (Grad 
degree + v. <HS) 
Optimism 
(Least v. Most) 
Cynical Hostility 
(Most v. Least) 1.01 (0.99-1.04) p=0.2454 0.99 (0.96-1.03) p=0.6755 
Model 5 
Screening Mammograms Lipid Screenings 
 HR (CI) p-values  HR (CI) p-values 
Race/Ethnicity  (Black 
v. White)† 0.90 (0.82-0.98) p=0.0180* 1.01 (0.88-1.16) p=0.8774 
Income  ($75K+ v. 
<20K)† 1.09 (1.00-1.18) p=0.0395* 1.15 (1.01-1.31) p=0.0327 
Education (Grad 
degree+ v. <HS)† 1.01 (0.88-1.17) p=0.8646 0.89 (0.74-1.06) p=0.1945 
Optimism (Least v. 
Most)‡ 1.04 (0.99-1.08) p=0.0972 1.01 (0.95-1.08) p=0.7080 
Cynical Hostility 
(Most v. Least)‡ 1.02 (0.98-1.07) p=0.3305 1.04 (0.96-1.12) p=0.3374 
Interaction Terms:  Type III p-values Type III p-values 
- p=0.0080* - p=0.9539 
- p=0.2130 - p=0.2148 
- p=0.6651 - p=0.2964 
- p=0.5878 - p=0.0104* 
- p=0.6036 - p=0.4050 




4. Cynical Hostility* 
Race/Ethnicity
5. Cynical Hostility 
*Income 
6. Cynical Hostility 
*Education - p=0.9245 - p=0.0636 
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† Reported OR’s for Optimism and Cynical Hostility fixed at mid-high 
‡ Reported OR’s for fixed levels of race/ethnicity (white), education (>HS), and income ($20-49K annually) 
Modeled using GLM ordinal regression (Model 1) and Repeated Events Survival Analysis (Models 2-5) and adjusting for 
covariates. Models 2-5 accounted for repeated measures by reporting estimates and p-values adjusted using sandwich variance 
estimator (robust variance estimator). 
 DISCUSSION 2.4
Observed unadjusted time-without-screening mammogram decreased as quartile of optimism 
score increased, and as quartile of cynical hostility score decreased (both p<0.0001). Meanwhile, 
observed unadjusted time-without-screening for lipid testing increased as quartiles of optimism 
score increased (p=0.0006) and as quartiles of cynical hostility score decreased (p=0.0035). Only 
optimism predicted screening mammograms and lipid screenings, with least optimistic being 4% 
more likely to obtain screening mammograms and 3% more likely to obtain lipid screenings than 
their most optimistic peers. Psychological attitudes did not act as mediators of the relationship 
between race/ethnicity, income, and education on obtaining either type of screening. However, 
optimism acted as a moderator for the relationship between race/ethnicity and screening 
mammograms: only least vs. most optimistic American Indian women and women in the “Other” 
racial/ethnic category (which included multi-racial women and those choosing not to report race) 
were more likely to obtain screening mammograms. Cynical hostility acted as a moderator of the 
relationship between race/ethnicity and lipid screenings: mid-high vs. least cynically hostile 
black women were more likely to report lipid screenings, as were mid-low vs. low cynically 
hostile American Indian and Hispanic women.  
 Because women with high optimism are on average healthier, employ more proactive 
problem solving strategies, 35,55 and adhere to medical advice more readily than less-optimistic 
peers, 46,128 we anticipated more optimistic women would have more frequent screenings.  Our
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hypotheses stemmed from the expectation that because women with low optimism hold negative 
expectations of the future, they may view preventive services as ineffective or pointless, and 
therefore underutilize them. Our observed results before covariate adjustment were consistent 
with these hypotheses. In survival analysis with covariate adjustment and accounting for 
clustering of repeated events per woman, we found the opposite to be true (least optimistic 
women more likely to obtain screening mammograms) and the effect was more pronounced 
within specific racial/ethnic groups. These results may suggest an alternate explanation: that 
women with low optimism and therefore high negative expectations of the future may seek out 
additional screenings in anticipation of poor health outcomes.  
Similarly, after adjustment for covariates and accounting for multiple events per woman, 
cynical hostility’s effect within certain racial/ethnic groups on lipid screenings was in the 
opposite direction of our expectation: with higher cynical hostility associated with higher lipid 
screening specifically among American Indian, Black, and Hispanic women. Though we 
adjusted for health status and health behaviors and controlled for various cardiovascular and 
lipid-related conditions, it is possible that more cynically hostile women are still experiencing 
additional health problems compared to less cynically hostile peers, and therefore receiving lipid 
testing sooner – either as part of true screenings, or as part of disease management recommended 
by their physician for conditions which may have not been captured in our models.   
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 LIMITATIONS 2.5
Our study has some potential limitations. First, women in the WHI may be more conscientious 
about their health, and our cohorts are also higher income, better educated, older, as well as 
healthier than the general population (due to health condition restrictions, especially the lipid 
screenings cohort). Though the WHI includes only women, optimism and pessimism are 
similarly distributed in men and women, implying that these results still may apply to men.129 A 
second limitation is that psychological attitudes are measured at baseline in the WHI. While 
psychological attitudes are typically considered stable traits over the life course, they can 
sometimes change over time86 or in the presence of targeted interventions. 88,89 Third, although 
we can measure several health-system factors, we do not observe screenings for women in 
Medicare Part C. For those in our sample who have Part A and B coverage, we could not 
measure supplemental coverage (Medigap plans). We also cannot observe providers’ treatment 
recommendations or the content of patient-provider interactions, which could be a large 
influence on whether women pursue screenings in the first place. Fourth, clinical practice 
recommendations are constantly evolving, and actual practice patterns may differ from 
recommended guidelines in any given year. Fifth, our identification of women for screening tests 
based on the available diagnoses and demographic characteristics available in Medicare and 
WHI may under or overestimate eligibility. For example a woman’s physician may determine 
that certain screenings are unnecessary using clinical information which we cannot access.  We 
may underestimate eligibility if health conditions are under-coded or under-diagnosed. It is 
possible that, because the lipid screenings cohort excluded many women based on cardiovascular 
health conditions, women in our lipid screening sample represent an exceedingly healthy group 
of elderly women. This may be especially true for the selection of minority women, who 
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otherwise experience greater burden from conditions like CVD and breast cancer at younger 
ages: we may therefore have captured the “healthiest” women, especially from minority 
racial/ethnic groups 
 CONCLUSIONS 2.6
Understanding how psychological attitudes relate to use of recommended preventive healthcare 
services could clarify how these traits predict increased risk of conditions like CVD and overall 
mortality. To the extent that psychological traits form early in life and are associated with the 
development of CVD risk factors in younger populations, they may represent one of the 
“earliest” CVD risk factors. Regardless of their malleability, these traits are an important marker 
of vulnerable populations. If psychological attitudes have a greater effect on the use of 
preventive services among women from specific minority racial/ethnic groups then these women 
may be especially vulnerable to use services outside of recommended screening windows. The 
fact that specific differences in how optimism affects screening mammogram use exist among 
some but not all racial/ethnic minorities suggests that incorporating some consideration of these 
psychological factors for these groups only may be a way to begin to explore their utility in risk 
modeling.  
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2.7 SUPPLEMENTAL FIGURES AND TABLES 
Include: Women enrolled in Medicare Parts A + 
B for 2 or more 
years from 2005-2010 and NOT 
ENROLLED IN PART C
(n =  55,413) 
Final Analysis Cohort (n = n=48,291)
Censored women at time of: 
1. Death 
2. Breast cancer diagnosis 
Exclude (Step 1) 
Women with missing data on 




Women with a history of
breast cancer at baseline or 
missing breast cancer history
(n=2,190, 4.1% )
Exclude (Step 3)
Women who developed breast 






























Figure 2-4. Mammography Cohort Selection Flowchart 
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Include: Women enrolled in Medicare 
Parts A + B for 5 or more and
NOT ENROLLED IN PART C
years from 2005-2010
(n =  n =  47,941 ) 
Final Analysis Cohort ( n=24,857    )
Censored women at time of: 
1. Death (n, %)
2. New CVD disease (n,%)
3. Starting treatment for high cholesterol (n,%)
Exclude (Step 1)
Women with missing data on 




Women with a history of
CVD or lipid diseases* at baseline
(n=15,555, 34.1%)
Exclude (Step 3)
Women who developed CVD or 


























*Cardiovascular and lipid disorder exclusion criteria exclusion conditions: stroke, myocardial infarction, cardiovascular disease,
heart failure, congestive heart failure, cardiac arrest, peripheral arterial disease, coronary bypass surgery, angioplasty of 
coronary arteries, carotid endarterectomy or angioplasty, high cholesterol requiring pills, use of medication for angina, any
statin use. 
Figure 2-5. Lipids Screenings Cohort Selection Flowchart 
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Procedure Codes for 
 Screening Mammograms 
(CPT/HCPC) 
Procedure Codes for  
Diagnostic Mammograms 
(CPT/HCPC) 
76092 76090 G0204 
77057 77055 G0206 
G0202 76091 
77056 
Figure 2-6. Screening vs. Diagnostic Mammograms by Codes and As Reported in Study Via Algorithm
Algorithm Adopted from Fenton, et al. 2014 
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Procedure Codes for Lipid Testing 
(CPT/HCPC) 
Full Panel 80061 
Cholesterol 82465 
Lipoprotein 83718  
Triglycerides 84478 
“Cardiovascular Screening Blood Test” in Medicare 
Figure 2-7. Procedure Codes for Lipid Testing (CPT/HCPC) 
Average Time Without Screening Mammogram (Months) – average time without screening. Include 





(“Screening Gap”- Definite) 
A gap in between a “Hard” Start Point and “Hard” End Point 
(these would be the only events included in the “Screening Gap”) 
Time-to-event (censored) 
(Indefinite time-to-event) 
A period between a “Hard” Start and “Censored” End Point (right censored) 
 OR 
A period between a “Censored” Start Point and “Hard” End Point (left censored) 
OR 
A period between a “Censored” Start Point and “Censored” End Point (both 
sides censored) 
Not Included in analysis (1) any period following a breast cancer diagnosis or death (woman’s follow-
up time ends at this point)  
(2) any period of less than 8 weeks between screenings – ignore this screening 
period in modeling analysis  
START POINTS END POINTS 
“Hard” Start Points “Censored” Start Points “Hard” End Points “Censored” End Points 
Screening Mammogram Study Start Screening Mammogram 
(EVENT) 
Study End 
Diagnostic Mammogram Diagnostic Mammogram 
Breast Cancer Diagnosis 
(Death) 
Figure 2-8. Screening Mammograms Outcome Variable for Survival Analysis 
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Average Time Without Lipid Test (Months) – average time without lipid test. 





(“Screening Gap”- Definite) 
A gap in between a “Hard” Start Point and “Hard” End Point 
(these would be the only events included in the “Screening Gap”) 
Time-to-event (censored) 
(Indefinite time-to-event) 
A period between a “Hard” Start and “Censored” End Point (right censored) 
 OR 
A period between a “Censored” Start Point and “Hard” End Point (left censored) 
OR 
A period between a “Censored” Start Point and “Censored” End Point (both 
sides censored) 
Not Included in analysis (1) any period following a CVD diagnosis or death (woman’s follow-up time 
ends at this point)  
Note: any 2 screenings within 14 days were counted as 1 lipid test. 
START POINTS END POINTS 
“Hard” Start Points “Censored” Start Points “Hard” End Points “Censored” End Points 
Lipid Test Study Start Lipid Test Study End 
CVD Diagnosis 
(Death) 
Figure 2-9. Lipid Screenings Outcome Variable for Survival Analysis 
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Example sketch of included time durations for modeling in screening mammograms cohort, as well as events and non-
events for survival analysis. 
Figure 2-10. Time-Without-Screening and Survival Analysis 
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LOT-R: 
Life-Orientation Test (Revised) 
In uncertain times, I usually expect the best 
Overall, I expect more good things to happen to me than bad 
I’m always optimistic about my future 
If something can go wrong for me it will 
I hardly ever expect things to go my way 
I rarely count on good things happening to me 
Figure 2-11. Life-Orientation Test (Revised). Developed by Scheier et. al. 
Cook-Medley Questionnaire Cynicism Subscale items
I have often had to take orders from someone who did not know as much as I did.
I think a great many people make a lot of their bad luck in order to gain the sympathy and help 
of others.
It takes a lot of argument to convince most people of the truth.
I think most people would lie to get ahead.
Most people are honest mainly through fear of being caught.
Most people will use somewhat unfair means to gain profit or an advantage rather than to lose 
it.
No one cares much what happens to you.
It is safer to trust nobody.
Most people make friends because friends are likely to be useful to them.
Most people inwardly do not like putting themselves out to help other people.
I have often met people who were supposed to be experts who were no better than I.
Figure 2-12. continued below
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People often demand more respect for their own rights than they are willing to allow for others.
A large number of people are guilty of bad sexual behavior.
Figure 2-12. Cook-Medley Cynical Hostilty Subscale Items 
Table 2-5. Modeling Steps for GLM and Survival Analysis 
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3.0  OPTIMISM, CYNICAL HOSTIITY, AND STRENUOUS PHYSICAL ACTIVITY 
IN OLDER WOMEN OVER TIME 
 INTRODUCTION 3.1
The American Heart Association and American College of Sports Medicine recommend that 
healthy adults should get at least 20 minutes of vigorous PA (PA) three days per week or more 
(or 30 minutes of moderate intensity aerobic activity five days per week or more), in order to 
promote and maintain health.130  Many women report declines in PA during and after 
menopause131, despite the fact that PA during and after menopause helps to improve 
cardiorespiratory fitness,132 mood, and quality of life, 133 helps prevent bone loss,134 and reduces 
perceived severity of menopause symptoms.135 This decline in energy expenditure at the onset of 
menopause also predisposes women to weight gain.131 Factors known to protect against age-
related decline in vigorous PA include lower BMI, not smoking, having excellent general health, 
and having a higher socioeconomic status (SES). 136 Uncovering additional factors which protect 
against drops in PA during menopause may lead to novel strategies to help women maintain their 
PA levels during this period of their lives.  
Lower optimism (positive future expectation)137 and higher cynical hostility (strong 
mistrust of others) 122 are independent risk factors for incident coronary heart disease (CHD), 
CHD-related mortality, and mortality138 and one possible mechanism is through increased PA. 60 
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These psychological factors influence health outcomes via several mechanisms, including direct 
(e.g., psycho-physiologic processes)30-32,111-113 and indirect pathways (health behaviors, 
adherence). 139,140 Women with more optimistic attitudes tend to be healthier and practice better 
self-care, including healthy behaviors such as adherence to dietary modification, 141 increased 
smoking cessation,142 and exercising. 48 Optimism has been associated with greater brisk walking 
and vigorous PA in a small community sample of 128 men and women aged 65-80 years old. 59 
A cross-sectional Finnish survey-based study found similar results: individuals who exercised 
more frequently reported less depression, anger, and cynical distrust (also at times called cynical 
hostility). 143 The longitudinal association of cynical hostility and higher CVD morbidity and 
mortality in men is moderated by PA and other behavioral factors. 144 In the Women’s Health 
Initiative (WHI, the largest longitudinal study of post-menopausal women in the United States), 
least optimistic and most cynically hostile women were the least active as compared to their 
more optimistic and less hostile peers. 48   
Recreational PA in the WHI is stable over 8 years of follow-up, 145 but declines in 
vigorous physical activity and the role of attitudes as potential modifiers of this decline have not 
been characterized.  Our analysis examines whether psychological attitudes are associated with 
strenuous PA 3 times or more per week for WHI women at age 18, 35, 50, and at study baseline, 
and years 3 and 6 of follow-up. We include Women’s Health Initiative participants who were in 
the Observational Study (OS) or Clinical Trial  (CT) Control groups, and who had never had 
cancer or CVD at baseline, as well as were not missing data on optimism, cynical hostility, or 
baseline PA (n = 73,485).  
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 METHODS 3.2
3.2.1 Study Population 
The Women’s Health Initiative recruited 161,809 postmenopausal women ages 50-79 from 24 
states and the District of Columbia from diverse racial, ethnic, and socioeconomic backgrounds 
into one of two longitudinal study branches between 1994 and 1998: the clinical trial (CT; 
n=68,133) or the observational study (OS; n=93,676).68  WHI exclusion criteria relevant to the 
current study  included: any substance abuse (aside from smoking or alcohol), mental illness, 
dementia, life expectancy less than three years, participation in other randomized trails, and plans 
to move from current area within 3 years, as well as further restrictions for CT participants, 
which have been described elsewhere .68 Participants gave informed consent at each center and 
materials used were approved by each center’s institutional review board.  
The current analysis is restricted to women from either the OS or CT Control 
Participants, who did not have CVD or Cancer at baseline, and with no missing data at baseline 
for optimism , cynical hostility, or PA (n=73,845). Only control participants from the clinical 
trials were included to avoid any possible influence of the interventions on PA. Optimism and 
cynical hostility were assessed at baseline enrollment in the WHI, while strenuous PA for ages 
18, 35, 50 and baseline was assessed at study entry in WHI. Follow-up strenuous PA was also 
assessed by self-report.    
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3.2.2 Optimism and Cynical Hostility 
The WHI’s Behavioral Health Committee selected optimism, pessimism, and cynical hostility 
for inclusion in baseline psychological questionnaires because of their importance for women’s 
health and their ease of capture using brief and reliable tests.69   
Optimism is characterized by positive expectations for the future: “In uncertain times I 
usually expect the best”. Pessimism, on the other hand, is characterized by negative future 
expectations: “I rarely count on good things happening to me.”55  Optimism was measured by the 
Life Orientation Test–Revised (LOT-R), a widely-used and validated 6-item scale,  producing 
scores from 6 to 30 (higher scores signal greater optimism; lower scores greater pessimism). Full 
scale optimism was treated as a categorical measure by quartiles of score which assesses 
clinically-meaningful differences: low (6-21), mid-low (22-23), mid-high (24-26), and high 
(>27).   
Cynical hostility (deep mistrust of others) was measured with the cynicism subscale of 
the Cook-Medley Questionnaire17,70 consisting of 13 true/false items such as “It is safer to trust 
nobody.” Higher scores indicate greater cynical hostility. Scores were treated as continuous 
measures and as categorical measures by quartiles of score: low (0-1), mid-low (2-3), mid-high 
(4-5), and high (6 and above).  
3.2.3 Strenuous Physical Activity: Retrospective, Baseline, and Prospective 
Women completed self-report surveys of strenuous PA at baseline which asked them to recall 
whether they participated in strenuous PA three times or more per week (Y/N) at ages 18, 35, 50 
(defined for survey participants as including “exercise that was long enough to work up a sweat 
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and make your heart beat fast.” Women were also asked about strenuous PA at baseline and 
follow-up years 3 and 6: here women were asked to identify the number of days per week they 
participated in strenuous exercise, with the same definition as given for the past-recall PA 
questions but with the addition of example exercises (“aerobics, aerobic dancing, jogging, tennis, 
swim laps”). We dichotomized the baseline and year 3 and 6 results to match the recall questions 
so that strenuous PA is consistently measured as a dichotomous variable indicating whether or 
not a woman was strenuously physically active three times or per week at each time point.     
3.2.4 Covariates and Potential Confounders 
Individual characteristics associated with attitudes or PA were measured by self-report at 
baseline and included as covariates, including age136, race and ethnicity, education level high 
school or equivalent (y/n), annual family income (<$20,000 annually, $20,000-$49,999, 
$50,000-$74,999, or $75,000 and above), marital status (never married, divorced, widowed, 
married or married-like relationship), hypertension ever (y/n), diabetes ever (y/n), depressive 
symptoms (short form CES-D, cut-offs of 0.06 indicating depressive symptoms), obesity (y/n), 
cancer since WHI enrollment (y/n), arthritis ever (y/n), broken bone ever (y/n), any alcohol 
consumption (y/n), average nightly sleep at baseline (<5 hours, 6-7, 8-9, or 10+ hours), daily 
calories (kcal), insurance at baseline (y/n), regular source of healthcare (y/n), social support 
score, standardized physical health and mental health scales  the SF-36.  
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3.2.5 Statistical Methods 
3.2.5.1  Baseline Characteristics  
Baseline characteristics for our sample of 73,485 women were compared across quartiles of 
score for optimism and cynical hostility, including the covariates and potential confounders 
outlined above. Chi-square tests were used to compare categorical variables, and continuous 
variables were assessed using analysis of variance (ANOVA).    
3.2.5.2 Strenuous PA At Each Time Point 
To describe the pattern of strenuous PA over the lifetime and how this pattern differs based on 
quartile of attitude score, we first plotted the raw rates of strenuous PA at each time point for all 
women, and then for the most vs. least optimistic and most vs. least hostile women. Chi-square 
tests were used to assess whether rates of strenuous PA differed significantly at each time point 
based on quartile of attitude score.  
Logistic regression models were used to assess whether attitude predicted participation in 
strenuous PA at each time point: age 18, 35, 50, WHI baseline, and years 3 and 6 after baseline 
(PROC LOGISTIC, SAS 9.4). Optimism and cynical hostility were modeled separately, first 
adjusted for baseline age (Model 1), and then adjusting for all baseline factors outlined above 
(Model 2).  
3.2.5.3  Longitudinal Analysis  
Generalized linear mixed models (GLMM) were used to assess the influence of optimism and 
cynical hostility on strenuous PA (PA) from baseline through year 6 (Models 3, 4, and 5, SAS 
9.4 PROC GLIMMIX). The GLIMMIX procedure is ideal for fitting generalized mixed models 
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to non-normal data with repeated events (outcomes correlated at the individual unit of analysis). 
146 Model 3 adjusts for baseline age only, Model 4 corrects for previous strenuous PA at ages 18, 
35, and 50, and Model 5 includes the covariates outlined above.  
 RESULTS 3.3
3.3.1 Baseline Characteristics 
All baseline characteristics were statistically significant when stratified by quartiles of optimism 
or cynical hostility. Compared with the least optimistic women, those with optimism scores in 
the top quartile tended to be younger at baseline, were less often in minority racial/ethnic groups, 
tended to have higher incomes, and were less likely to have been divorced. (Table 3-1) They 
were less likely to report hypertension, diabetes, arthritis, depressive symptoms, fractures, 
obesity, or smoking at baseline. Their social support, physical health, and mental health scores 
tended to be higher and they were less likely to report very short (<5 hours) or very long (>10 
hours) average sleep duration. Most optimistic women were more likely to report strenuous PA 
at baseline.  
In contrast, women with higher levels of cynical hostility were more likely to identify 
with minority racial/ethnic groups, to have lower-incomes, and to not be married. The most 
cynically hostile women were more likely to report diabetes, depressive symptoms, obesity, and 
smoking at baseline. Most cynically hostile women were also less likely to have a regular source 
of health care, and had lower scores for social support, and lower scores on the physical and 
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mental health scales of the SF-36.  Most cynically hostile women were less likely to report 
strenuous PA at baseline.  
Table 3-1. Baseline Characteristics of Study Cohort 
Baseline Characteristics by 
Quartiles of Optimism and 
Cynical Hostility  
% or Mean (SD) 
All  Optimism Cynical Hostility  





















































(7. 0) 0.0031 
Race/ethnicity 
White 82.9 86.1 85.0 83.6 77.4 74.0 83.1 86.1 87.2 
Black 8.1 8.2 8.0 7.3 9 13.8 8.8 6.3 4.4 
Hispanic 4 2.75 3.1 3.8 6.2 6.4 3.7 3.2 3.0 
Other 4.8 2.8 3.7 5.2 7.1 <0.0001 5.5 4.3 4.1 5.2 <0.0001 
U. S. Region 
Northeast 23.4 19.9 22.2 24.3 26.4 24.1 24.2 23.3 22 
South  25.3 25.9 25.7 24.9 25 28.9 25.4 24.4 23.1 
Midwest  21.8 22.0 22.1 22.2 21 20.4 21.2 22.3 23.0 
West  29.5 32.3 30.1 28.7 27.6 <0.0001 26.6 29.1 30.0 31.9 <0.0001 
Education: HS or equivalent 94.8 97.5 96.4 94.9 90.8 <0.0001 90.2 95.2 96.4 96.8 <0.0001 
Annual Family Income 
Less than $20,000 12.8 8.4 10.4 12.0 19.7 20.1 13.0 10.4 8.6 
$20,000 - $49,999 40.3 36.0 39.8 42.4 42.1 41.4 41.5 40.4 38.2 
$50,000-$74,999 19.8 22.3 20.6 20.0 16.7 16.1 20.2 20.8 21.7 
$75,000 or greater 20.5 27.6 22.9 19.0 13.8 <0.0001 14.4 19.1 22.1 25.3 <0.0001 
Marital Status  
Never married 4.5 4.2 4.2 4.4 5.2 4.6 4.5 4.6 4.4 
Divorced 15.6 16.0 14.9 14.1 17.4 17.9 16.1 14.9 13.7 
Widowed 15 13.4 14.0 15.1 17.2 17.4 14.9 14.2 13.8 
Married or (Married-Like) 64.5 66.1 66.5 66.1 59.6 <0.0001 59.5 64.2 66.0 67.7 <0.0001 
Hypertension ever (Y) 29.1 24.8 28.2 29.9 32.6 <0.0001 33.3 29.9 27.9 25.9 <0.0001 
Diabetes ever (Y) 4.2 3.0 3.6 4.3 5.9 <0.0001 6.5 4.4 3.4 2.9 <0.0001 
Depressive symptoms (Y) 10.1 3.6 5.7 8.8 21.4 <0.0001 17.1 10.8 7.9 5.6 <0.0001 
Obesity (BMI ≥ 30) 25.9 23.0 24.3 25.5 30.2 <0.0001 32.4 27.3 23.9 20.9 <0.0001 
Any Cancer (Y) 9.7 10.0 9.9 9.8 9.1 0.0121 8.9 9.9 9.8 10.0 0.0005 
Arthritis ever (Y) 43.6 38.3 41.8 44.9 48.3 <0.0001 47.8 45.4 42.9 38.9 <0.0001 
Broke bone ever (Y) 36.4 38.0 37.0 36.2 34.9 <0.0001 34.5 36.7 37.7 36.6 <0.0001 
Drank alcohol at baseline 71.8 74.7 74.0 72.3 66.7 <0.0001 64.5 72.6 74.3 75.1 <0.0001 
Smoked at baseline  6 5.1 5.3 5.5 7.8 <0.0001 7.2 6.1 5.7 4.9 <0.0001 
Average hours sleep nightly 
<5 hours 7.2 4.6 5.9 7.0 10.7 10.3 7.7 6.1 5.1 
6-7 hours 58.6 58.3 59.5 59.9 56.7 55.8 59.5 59.9 59.1 
8-9 hours 24.7 29.0 26.3 24.1 20.3 21 23.9 25.3 28.2 
10+ hours  0.4 0.4 0.4 0.3 0.6 <0.0001 0.6 0.4 0.4 0.3 <0.0001 
Calories daily (kcal) 622.8 593.5 594 611.8 687 <0.0001 716.4 608.4 595.5 575.6 <0.0001 
Insurance at baseline  95.1 95.7 95.8 95.7 93.3 0.0195 92.4 95.2 96.0 96.4 <0.0001 
Regular source of 
healthcare 93.2 93.6 93.8 93.7 91.6 <0.0001 90.9 93.2 93.9 94.3 <0.0001 
Social Support 7.7 6.3 6.8 7.2 8.5 <0.0001 8.6 7.5 7.0 6.7 <0.0001 
Physical Health Scale 11.3 9.1 10.0 10.8 12.8 <0.0001 12.9 11.2 10.4 9.7 <0.0001 
Mental Health Scale 11.3 8.1 9.3 10.4 13.3 <0.0001 13.3 11.2 10.2 9.2 <0.0001 
Strenuous Exercise at 
Baseline  15.1 18.0 16.0 14.3 12.8 <0.0001 13.9 14.8 15.3 16.3 <0.0001 
Significance tests conducted using chi-square for categorical variables and ANOVA for 
continuous variables. 
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Age 18 Age 35 Age 50 Baseline Year 3 Year 6
All Women 42.66 43.41 38.04 15.11 13.93 14.44
Most Optimistic 45.41 46.78 43.01 17.97 16.74 17.51
Least Optimistic 40.06 40.57 33.24 12.83 11.85 11.7
Most Cynically Hostile 43.88 44.29 36.14 13.88 13 13.01




























Unadjusted Rates of Strenuous Physical Activity 
3.3.2 Strenuous Physical Activity At Each Time Point 
Unadjusted rates of strenuous PA were higher for most (vs. least) optimistic women at each time 
point (p<0.0001 by chi-square test for quartiles of optimism at each time point). Rates of 
strenuous PA were statistically different across quartiles of cynical hostility at each time point 
(all p<0.0001). However, women with most (vs. least) cynical hostility at baseline recalled 
higher strenuous PA at age 18 and 35, and lower strenuous PA by age 50 and then at baseline 
and through follow-up year 6 (Figure 3-1).  
Unadjusted Strenuous PA assessed by recall at ages 18, 35, and 50, and by survey 
at WHI Baseline, as well as at Follow-Up Year 3 and Follow-Up Year 6. 
Figure 3-1: Unadjusted Rates of Strenuous Physical Activity 
58 
3.3.2.1 Optimism 
In models adjusted for baseline age of women only, most vs. least optimistic women were more 
likely to report strenuous PA at each time point: ranging from 20% more likely at age 18 to 50% 
more likely by follow-up year 6 (p<0.0001 at each time point). (Table 3-2) After adjusting for all 
covariates, these relationships held only for Age 18, 35, 50 (p<0.0001) and baseline (p=0.0006), 
with women at baseline being 16% more likely to report strenuous PA three times or more per 
week.  
3.3.2.2 Cynical Hostility 
The most (vs. least) cynically hostile women were more likely to report strenuous PA at ages 18 
and 35 (adjusted for baseline age at reporting, p<0.0001) but less likely to report strenuous PA at 
age 50, and WHI baseline through follow-up year 6. Adjusting for age and covariates, the most 
cynically hostile women were more likely to report strenuous PA at each time point (all p<0.05).  
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Table 3-2. Logistic Regressions for Strenuous Physical Activity at Each Time Point 
Modeling Strenuous Exercise at 
Each Time Point 
Optimism Cynical Hostility 
Effective most v Least most vs. least 
sample size OR (CL) p-value OR (CL) p-value 
Model 1 - Strenuous Exercise 3X or 
more per week (Age adjusted only) n= 
Age 18 71042 1.20 (1.15-1.26) <0.0001 1.19 (1.14-1.24) <0.0001 
Age 35 71325 1.22 (1.17-1.28) <0.0001 1.17 (1.12-1.22) <0.0001 
Age 50 71906 1.49 (1.43-1.56) <0.0001 0.90 (0.86-0.94) <0.0001 
WHI Baseline 73485 1.48 (1.39-1.57) <0.0001 0.83 (0.78-0.88) <0.0001 
Follow Up Year 3 65833 1.42 (1.33-1.51) <0.0001 0.90 (0.85-0.96) 0.0005 
Follow up Year 6 65658 1.50 (1.41-1.59) <0.0001 0.87 (0.82-0.92) <0.0001 
Model 2 - Strenuous Exercise 3X or 
more per week (fully adjusted) 
Age 18 50974 1.30 (1.23-1.38) <0.0001 1.11 (1.05-1.17) 0.0003 
Age 35 51196 1.31 (1.23-1.39) <0.0001 1.10 (1.04-1.16) 0.0009 
Age 50 51440 1.19 (1.12-1.26) <0.0001 1.09 (1.03-1.15) 0.0025 
WHI Baseline 52272 1.05 (0.97-1.13) 0.2617 1.12 (1.04-1.21) 0.0020 
Follow Up Year 3 50910 1.01 (0.93-1.09) 0.8074 1.17 (1.08-1.25) <0.0001 
Follow up Year 6 48948 1.04 (0.96-1.13) 0.2870 1.17 (1.0-1.26) <0.0001 
Logistic regression of strenuous PA at each time point by optimism and cynical hostility. 
3.3.3 Longitudinal Analysis 
3.3.3.1 Optimism 
When modeled longitudinally and considering only strenuous PA at baseline through year 6 as 
our outcome, most optimistic women were 47% more likely to report strenuous PA three times 
or more per week in models adjusted for age only (Model 3, OR 1.47, 95% CL 1.42-1.52, 
p<0.0001), 30% more likely to do so in models adjusted for age and past PA (Model 4, OR 1.30, 
95% CL 1.25-1.35, p<0.0001), and not different from their peers in fully adjusted models (Model 
5, OR 0.99, 95% CL 0.94-1.04p=0.5392), Table 3-3.  
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3.3.3.2 Cynical Hostility 
Unlike with optimism, the direction of the relationship with cynical hostility changed depending 
on how the models were adjusted. When adjusting for only a woman’s age at baseline or her age 
and her past strenuous PA, the most (vs. least) cynically hostile women were 10 to 14% less 
likely to report strenuous PA at baseline through year 6 (Model 3 OR 0.86, 95% CL 0.84-0.89; 
Model   OR 0.90, 95% CL 0.87-0.93; both p<0.0001). However, when the adjusting for all 
remaining covariates, the opposite was true: the most cynically hostile women were now found 
to have a 13% higher odds of strenuous PA (Model 5, OR 1.13, 95% CL 1.08-1.18, p<0.0001,), 
Table 3-3.  
Table 3-3. Glimmix Models for Strenuous Physical Activity - Baseline Through Year 6 
Modeling Strenuous Exercise 
Over Time 
 (Baseline, Year 3, Year 6) 
Optimism Cynical Hostility 
most vs. least most vs. least 
n= OR (CL) p-value  OR (CL) p-value 
Model 3 -  
Adjusted for age only 73485 1.47 (1.42-1.52) <0.0001 0.86 (0.84-0.89) <0.0001 
Model 4 -  
Adjusted for age and strenuous 
exercise at ages 18, 35, and 50 70097 1.30 (1.25-1.35) <0.0001 0.90 (0.87-0.93) <0.0001 
Model 5 - 
Adjusted for age, strenuous 
exercise at age 18, 35, and 50, and 
all covariates 50465 0.99 (0.94-1.04) 0.5392 1.13 (1.08-1.18) <0.0001 
Longitudinal modeling of strenuous PA at each time point by optimism and cynical hostility  
(PROC GLIMMIX, SAS 9.4, logit link function). 
Factors included in covariate adjustment may play important roles for mediating (in the 
case of optimism) and moderating (in the case of cynical hostility, Figure 3-2) the relationship 
between attitudes and strenuous PA over time. However, the change in direction of odds ratio for 
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cynical hostility lead to concern that the observed results may be due to the changing sample size 
(due to missing data for any of the covariates in Model 5) rather than only the added covariates.  
Modeling Odds of Strenuous PA Over Time (Baseline through Year 6), GLIMMIX Models. All p-values <0.0001. 
Figure 3-2. Cynical Hostility and Strenuous Physical Activity Over Time 
Sensitivity analysis for Model 5 (motivated by the change in direction of odds ratio) 
revealed that the cohort difference in Model 4 and 5 were not responsible for the different effect 
of cynical hostility. We re-ran Model 4 using only n=50,465 women originally remaining in 
Model 5, and the results were nearly identical to the original Model 4 (OR for optimism 1.32, 
OR for cynical hostility 0.90, both p<0.0001, not shown).  This result is strong evidence that the 
mediating effect of covariates on the optimism results, and the moderating effects of covariates 




In descriptive analysis, most (vs. least) optimistic women reported strenuous physical activity 
from age 18 through study baseline (post-menopause) and through study follow-up year 6. Most 
(vs. least) optimistic WHI women were more likely to report strenuous physical activity over 
time before covariate adjustment (OR 1.47, CI 1.42-1.52, p<0.0001), but this relationship was 
mediated by the inclusion of covariates. Most (vs. least) cynically hostile women were less likely 
to report strenuous physical activity over time before covariate adjustment (OR 0.86, CI 0.84- 
0.89, p<0.0001), but more likely report strenuous physical activity over time when adjusted for 
covariates (OR 1.13, CI 1.08-1.18, p<0.0001). 
Optimism and cynical hostility may influence PA in several ways. Optimists are more 
likely to believe good things will happen to them, and with a positive outlook of the future, may 
be more likely to invest in health-preserving activities like strenuous PA into older age. Though 
the inclusion of covariates explained the relationship between optimism and physical activity 
over time, the response profiles for strenuous PA of most vs. least optimistic women is still 
worth noting, particularly for the consistent difference between these groups over time. Most 
optimistic women may be different from their less optimistic peers on these covariates which 
ultimately determine exercise, but they still exercise more at every time point studied, and 
therefore likely enjoy the psychological and physical benefits of increased physical activity. 
Most cynically hostile women were found to exercise more than their less cynically hostile peers 
after covariate adjustment. Possibly when barriers to physical activity are removed (health 
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concerns, access to fitness facilities, social factors which dictate activity appropriateness), 
women with high cynically hostility find some relief or benefit from vigorous exercise in 
particular. Cynical hostility is typically correlated with greater depression scores (which may 
undermine motivation, self-efficacy, and coping skills) and with an inability to leverage social 
support, which would have aligned well with a mediation-type relationship between covariates 
and cynical hostility. However, the reversal of the relationship between cynical hostility and 
rates of strenuous PA is cause for further study.  
           The fact that attitudes prospectively predict follow-up reports of physical activity, but that 
these relationships disappear or change direction with covariate adjustment, suggests that the 
relationship between attitudes and physical activity may be highly influenced by barriers such as 
physical and emotional health, socioeconomic status (SES), social support, and other health 
behaviors. Future studies should examine the effect of attitudes more directly, for example in 
trials to increase physical activity among post-menopausal women. Comparing whether attitudes 
influence adherence to such interventions within specific strata (i.e. high vs. low income, high 
vs. low disease burden) would help to clarify whether PA interventions in elderly women would 
benefit by considering attitudes alongside other factors. For example, less optimistic women in 
the real world who also face higher barriers to exercise may benefit from increased resources or 
support to aid in maintaining physical activity across the lifetime.  
 LIMITATIONS 3.5
While the WHI draws from a large, diverse, and representative sample of women in the United 
States, the WHI sample may limit the generalizability of findings to all persons because the 
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sample focused on postmenopausal women only (possibly limiting usefulness of the findings for 
other ages and genders), and because WHI women are typically healthier and more motivated 
toward healthy behavior than the general population of healthy women. For longitudinal 
modeling, missing data on covariates resulted in some loss of subjects in fully adjusted models. 
The women in fully adjusted models were similar on baseline characteristics, and therefore the 
results are not likely to be skewed. However it is possible the women differ substantially on 
some unobserved characteristics that influence physical activity, and these results should be 
interpreted with this mind. 
Womens’ reports of past physical activity (age 18, 35, and 50) was by self-reported recall 
only (measured at baseline). These reports may be themselves skewed by optimism or cynical 
hostility (which were measured at baseline), and this may partially explain the relationship with 
past (but not future) PA reports. The fact that attitudes were only measured once (at baseline) 
also precludes our ability to confirm whether attitudes scores at year 3 and year 6 for example 
are consistent with those reported at baseline. However, attitudes have traditionally been 
considered trait-like after early adulthood.   Optimism scores are correlated at rates of 0.58 to 
0.79 over a 3 year period,55 and remain high (up to 0.71) over a 10-year period.19 Similarly, even 
for youths and young adults, hostility scores over 4 years are correlated rates of 0.56. 56 
Optimism can waiver when individuals ready themselves to confront a threat,55 but usually 
remains stable even in the face of threatening situations such as health shocks, such as when 
women are given bad news after breast cancer surgery. 147 Therefore it is unlikely that attitudes 
are changing significantly over the study period.  
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 CONCLUSIONS 3.6
Adjusting for relevant sociodemographic, health, and behavioral covariates explains the 
relationship between optimism and physical activity, and changes the relationship between 
cynical hostility and physical activity (with more cynically hostile women showing higher rates 
of PA over time in adjusted models). This suggests that assessing the barriers introduced by 
those factors would be more important in behavioral interventions than attempting to modify 
optimistic or cynically hostile attitudes themselves (which, though stable, have been shown to be 
modifiable in targeted interventions). 88 Future studies should compare men or women with 
similar socioeconomic, psychosocial, and health profiles to examine whether the effects of 
optimism or cynical hostility are more clearly delineated within groups facing similar barriers to 
PA.  
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3.7 SUPPLEMENTAL FIGURES AND TABLES 
 Logistic Models (At each Time Point) 
Model 1: Strenuous PA(t) = Attitude(i)+ Age 
Model 2: Strenuous PA(t) = Attitude(i)+ Age + Covariates 
t= age 18, age 35, age 50, WHI baseline, Follow-up Year 3, Follow-up Year 6 
i = optimism (quartiles) or cynical hostility (quartiles) 
Glimmix Models (Repeated Outcome Measure – Modeling Over Time) 
Model 3: Strenuous PA(BL, Yr3, Yr6) =  Attitude(i)+ Age 
Model 4: Strenuous PA(BL, Yr3, Yr6) =  Attitude(i)+ Age + PastStrenuousPA(age 18, 35,50)
Model 5: Strenuous PA(BL, Yr3, Yr6) =  Attitude(i)+ Age + PastStrenuousPA(age 18, 35,50) + 
Covariates 
i = optimism (quartiles) or cynical hostility (quartiles) 
Figure 3-3. Outline of Logistic and GLIMMIX Models for Strenuous Physical Activity 
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